Study design: Register study. Objectives: To design and implement a validation process to check the completeness of the Hospital Discharge Register (HDR) held by the Swedish National Board of Health and Welfare. Setting: Sweden. Methods: An accurate traumatic spinal cord injury prevalence group (n ¼ 495) was acquired from the Swedish Spinalis Clinic. A register control was performed on the group by raising three questions to check the validity of the HDR: Is an inpatient stay registered in association with the injury date? Is the reported first length of stay plausible, given the level and extent of injury? Are all the anticipated care and/or rehabilitation providers represented in the HDR? Results: For 62% (of 413 cases) the first registered hospitalization date correlated with the injury date. For the other 38%, hospitalization was reported to start between 2 and 8651 days after injury. Considering the level and extent of injury, individuals were reported to have unrealistically short initial hospitalization. The prevalence group visited 42 different hospitals and 47 clinics. Five rehabilitation clinics, though, were not reported. Conclusions: The HDR is a valuable source when conducting epidemiological and health services research. However, using the register without any validation process could, as detected in the investigated diagnosis group, lead to a severe underestimation of the inpatient usage. The study showed that systematic errors could be detected by means of extensive knowledge of the diagnosis group.
Introduction
Understanding the nature and extent of health service utilization is essential for prognosticating future care utilization and for conducting economic evaluations, epidemiological studies and clinical trials. Principally, there are three different ways to collect utilization data: patient supplied, medical records or administrative databases. Several studies have been conducted evaluating the accuracy of the patient reported method, for example. 1 Both over-and underreporting of hospitalization episodes have been detected. Horwitz et al. 2 assessed the reliability of epidemiological data, in terms of different health conditions, from medical records and proposed strategies for improving the basic quality. Utilizing administrative databases or secondary data involves analysis after collection without a specific research purpose and without interference by the researcher. 3 In recent years, data retrieval has been facilitated by the vast amount of health care information collected and stored in databases and registers. The advantages of using these secondary sources are substantial time and cost savings, the size of the sample, the representativeness and the reduced likelihood of bias due to for example, recall, nonresponse and effect on the diagnostic process of attention caused by the research question. 3 Despite these advantages, this method has possible shortcomings that must be dealt with. Those mentioned stem from the system per se and include structural weaknesses and biases due to incomplete and inconsistent reporting and coding. Furthermore, completeness, accuracy, validity and reliability are critical issues. 4 A common problem for many administrative database researchers is whether the diagnosis code in question detects all true cases in these databases, for example. 5 Blomqvist 4 discusses three methodological approaches for assessing the completeness of registration of cases. The first is to compare the data source with several other independent data sources, the second is review of medical records and the third builds on a comparison between total number of cases in different sources. De Vet et al. 6 provide a theoretical background for performing and reading systematic reviews of diagnostic studies by discussing methodological quality in terms of internal and external validity. Rosen 7 argues that validation has been studied and reported. However, determining true cases is not enough. In analyses examining health care utilization, the data must also be validated. Nevertheless, studies seem to lack descriptions of the validation process and its application to the data included. Statistics of diseases and surgical treatments of patients have a long history in Sweden. In the 1960s, the National Board of Health and Welfare started to collect data on individual patients who had been treated as inpatients at public hospitals. The county of Stockholm has since 1972 reported all inpatient care to the Hospital Discharge Register (HDR) (www.socialstyrelsen.se/en/Statistics/statsbysubject/ The+Swedish+Hospital+Discharge+Register.htm). The register contains different types of information: data on the patient and hospital, administrative data such as date of admission and discharge, and medical data with diagnosis and surgical procedures. For all records reported, data and quality controls are carried out. In an international evaluation of Swedish public health research, it was concluded that Sweden is one of the world leaders in public health research including epidemiology and register-based research. 8 The use of the HDR has resulted in numerous research articles in different fields. This paper examines the inpatient care utilization registered in the HDR in an accurate diagnosis group: traumatic spinal cord injury (SCI). While diagnosis detection is a problem for many researchers, this study has the advantage of having access to a population-based cohort of individuals with traumatic SCI through Spinalis, a comprehensive regional SCI outpatient clinic in the greater Stockholm area and the island of Gotland, comprising about 1.9 million inhabitants. The SCI database (Swedish Spinalis Clinic Database, SSCD) was established in the beginning of the 1990s from a survey of regional registers and after individual patient contacts by the Spinalis rehab team and a review of medical records, interviews and physical examinations of subjects. The dropout rate was 6.9%. 9 This procedure assured the accuracy of the database as an SCI health care database. Spinalis is a part of the established referral procedure, which insures further incidence inclusion in the database.
Methods
This study was a register control, first of the data for the Spinalis group, one by one, to decide whether they were to be included in the prevalence group or not, then of how each of the group members appears in the HDR.
The subject group
In June 1999, the author submitted a retrieval request to the SSCD with the inclusion criteria of living patients with traumatic SCI. The present study is based on the 495 persons who met these requirements. Data about date of birth, gender, injury date, level and extent of injury (ASIA) were collected for each individual. Since the HDR is complete in the investigated region from 1972 all cases with an earlier injury date were excluded (n ¼ 58). For the remaining 437 persons, the Swedish national registration office was checked to detect those who had died before 1999 (n ¼ 1). This case was excluded, as were seven others due to incorrect data (erroneous personal identity number and uncertainty regarding the diagnosis) while one was added. Thus the final total prevalence group consisted of 430 traumatic SCI cases. This study was approved by the Ethics Committee of Karolinska Institutet in Stockholm, Sweden.
The elaborated Hospital Discharge Register
The unique personal identity number assigned to each Swedish resident was used to obtain data from the HDR. 
Results
Is an inpatient stay associated with the injury date? For 22 individuals, the exact day and/or month of injury was not specified in their medical records. For those individuals (n ¼ 12) for whom the month was specified, the first of the month was calculated as the injury day. For those lacking both an injury month and day (n ¼ 10), the first of January of that year was specified as the injury day and month. Table 1 shows the number of days between injury date and the first registered inpatient stay. Seventeen persons did not have any inpatient care at all reported after the injury date. Sixteen individuals actually had an inpatient stay already registered the day before the actual injury. About 62% of the group had an inpatient stay reported in direct connection with the injury date (À1, 0, 1 days), that is, 38% had their first hospital stay registered 2 days or more after the injury date.
Is the reported first hospitalization episode plausible, given the level and extent of injury? The number of inpatient days was checked for the individuals with a first hospitalization stay in direct conjunction with the injury date. Included were those with a reported inpatient stay of À1, 0 and 1 day in relation to the injury date (n ¼ 257). Table 2 shows the distribution according to Initial LOS for some individuals seemed to be interrupted by a holiday such as Christmas or New Year. For 20 individuals this was indeed the case. These inpatient stays had an interruption that lasted between 3-31 days, and by including these individuals' inpatient care after the interruption, the total stay was thus prolonged by 2-171 days.
Are all the anticipated care and/or rehabilitation providers represented in the material? The inpatient stay prevalence group had utilized care at 42 different hospitals/institutions in the Stockholm area, and 47 different clinics from injury date through 2002.
Discussion
This paper examines the validity of the content in the HDR. The use of a verified population-based SCI health care database including additional controls is supposed to insure the validity of the diagnosis group investigated and the validity process can thus focus on the inpatient data. Considerable knowledge of the diagnosis and its effects in terms of health care utilization proved to be a prerequisite when putting questions to the HDR. Interpreting data and estimating the validity was absolutely necessary to determine under-reporting and lack of reporting.
Extensive investigations were made regarding the patients included in the health care database, for example, if and when a person had died and verification of his/her residential registration. Atypical inpatient entries, such as being admitted to inpatient stay and sustaining a traumatic SCI during that time, were also examined.
To investigate inpatient care in an administrative database presupposes that the disease or condition of the individual has been reported and recorded in the system. Blomqvist 4 points out three factors that influence this: the care-seeking behavior of the person, the supply of health care and the physician's propensity to admit patients. The nature of an SCI does not leave a person in doubt whether to seek care or not. Nor can the health care organization in Sweden be seen as a hindrance to inclusion in the information system.
Is an inpatient stay associated with the injury date?
A traumatic SCI is an acute and serious condition where immediate care is necessary. The alternative of not seeking care or waiting a couple of days occurs, if ever, in exceptional cases. Some studies that analyze LOS separate acute care hospitalization from rehabilitation hospitalization and stipulate a time limit from the injury date as an inclusion criterion. [10] [11] [12] [13] Others calculate the LOS from the day of injury, 14 include individuals admitted for their initial episode 15 or use date of the index hospitalization as the date of the SCI. 16 All these studies lack further analysis regarding possible divergence between the onset of traumatic SCI and admission date. Putzke et al. 17 and Fine et al., 18 on the other hand, include individuals admitted on the first day of injury. In the present study, more than one-third of the prevalence group did not have an initial inpatient registration (À1, 0, þ 1 day) in conjunction with the injury date. The time lapse between injury date and first inpatient stay should be interpreted as possible days spent in inpatient care. Figure 1 Length of stay in the first hospitalization episode after injury date distributed according to level and extent of injury.
On the need of validating inpatient registers C Nordgren
The prevalence population examined includes persons who moved to the investigated region with a traumatic SCI sustained earlier. This group includes immigrants and residents moving from other parts of the country. The health care system in Sweden allows people to seek health care anywhere in the country. It is most common, however, to utilize the health care system in one's own county. As the patient data originated from one region, utilization of care in other parts of the country was not included. In 2002, controls carried out at the Swedish National Registration Office resulted in finding 31 persons who were registered in a region other than Stockholm. Not being a resident of Stockholm in 2002 does not, however, say anything about place of registration at the time of injury. If a person had moved out of the area and then moved back before April 2002, these movements could not be traced. One explanation for the high figure of divergence besides immigrants could be individuals injured during a temporary stay abroad or in another region in the country. These individuals are typically moved to their residential hospitals after the first trauma period and so, their initial hospitalization would not have been recorded in the investigated register.
Is the reported first hospitalization episode plausible given the level and extent of injury? Comparing results from other investigations is a way of determining whether the reported inpatient figures are plausible. Other studies on traumatic SCI and initial LOS show a great variation in the number of days spent in hospital/rehabilitation with figures ranging from 1 up to 4742 days. 19 These studies all have different inclusion criteria, terms of description and grouping when it comes to etiology, age, injury year, level and extent of injury and type of care. [10] [11] [12] [13] [15] [16] [17] 20 This impedes comparison. No discussion has been found in any of the published studies about how realistic it is to have very few or many inpatient days registered. SCI patients at high risk of extended LOS, referred to as outliers, are defined in a study of Burnett et al. 21 as patients whose LOS exceed the mean by more than two standard deviations, while Cifu et al. 10 use four standard deviations. These studies discuss the outliers in terms of long LOS, but it should also be of considerable interest to focus on outliers in the other direction, in terms of short LOS. The present findings do not differentiate type of care: acute vs rehabilitation. The data represent days of inpatient stay irrespective of type, in a public hospital. Some researchers do not examine the acute LOS, for example. 15, 16 Several studies [11] [12] [13] 20 spring from persons discharged from the Model System with an enrol system of patients being admitted within 60 days of injury. In some studies, 86-93% of all patients were admitted to the investigated clinics within 21 days of injury. It is thereby uncertain how much inpatient time the patients have consumed before the rehabilitation LOS. It can therefore be interpreted that the LOS could in some cases actually be prolonged by as much as 60 days. A lack of differentiation between the acute and rehabilitation organization could perhaps explain some of the differences and the great range of LOS.
Having a complete (ASIA A) cervical injury and utilizing only 2, 7 or 22 inpatient days seems unrealistic (Figure 1 ). Further investigation through other sources of data would be required to reveal the likelihood of having an extremely short or long initial inpatient stay. Knowledge about medical care organizations in your country, rehabilitation regime and, of course, the investigated diagnosis are of value when determining which cases need more examination.
Are all the anticipated care and/or rehabilitation providers represented in the material? The HDR contains inpatient data from public hospitals. At least five institutions/rehabilitation units were not represented at all in the register. This was surprising even though these institutions are typically foundations or privately owned, because the county council regularly purchases care and rehabilitation services from these providers, making these rehabilitation beds regarded as public. One of these is also included in the established referral procedure of rehabilitation and a great majority of all incidence patients stay at this rehabilitation unit for a while.
Conclusions
Systematic errors are not easy to discover and the chance of discerning them does not correlate with the size of the sample. When found, it is possible to compensate for them. What this study reveals is that extensive knowledge of the investigated diagnosis group can be a necessity when examining and evaluating the data. Researchers using administrative databases like this one need to validate their data to attain reliable results.
